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ABSTRACT

Kleinschmidt, C. E., Clements, M. J., Maragos, C. M., Pataky, J. K., and White, D. G. 2005.
Evaluation of food-grade dent corn hybrids for severity of Fusarium ear rot and fumonisin ac-

cumulation in grain. Plant Dis. 89:291-297.

Fumonisins produced by Fusarium verticillioides (syn = F. moniliforme) and F. proliferatum
have been associated with potentially serious toxicoses of animals and humans. Thus, hybrids
with low fumonisin accumulation in grain will be valuable for the production of corn-based
human food products. We evaluated 68 food-grade dent corn hybrids for severity of Fusarium ear
rot and fumonisin accumulation in grain in inoculated trials in Urbana, IL in 2000 and 2001. Our
inoculation technique was successful in initiating fumonisin accumulation that allowed discrimi-
nation among hybrids. We identified several hybrids that could have acceptable levels (<4 pg/g)
of fumonisin accumulation in Illinois in most years. Twenty-six hybrids with low or high fu-
monisin accumulation in 2000 were reevaluated in noninoculated trials at three locations in Illi-
nois in 2001. Fumonisin concentration in grain at all three locations was relatively low; thus,
separation of hybrids was poor. At two locations, those hybrids with the highest fumonisin con-
centration in grain also had high concentrations following inoculation. However, one hybrid that
had relatively low fumonisin concentration following inoculation had unacceptable levels of
fumonisin (5 pg/g) in natural conditions. Therefore, hybrids need to be evaluated by inoculation
and further evaluated at locations where the environment favors fumonisin accumulation.

Additional keyword: maize

A group of mycotoxins known as the fu-
monisins has been associated with Fusa-
rium ear rot of corn (Zea mays L.) since
1988 (13). Fumonisins are secondary me-
tabolites of several Fusarium Link species,
including Fusarium. verticillioides (Sacc.)
Nirenberg (syn = F. moniliforme J. Sheld.)
and F. proliferatum (T. Matsushima) Ni-
renberg, that are found worldwide in tem-
perate regions where corn is produced
(24). Generally, high fumonisin accumula-
tion in grain has been associated with envi-
ronmental conditions, such as drought and
high relative humidity, that frequently
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occur in the southeastern United States
(9,17,23,29,36).

Although a cause-and-effect relationship
has not been demonstrated clearly, poten-
tially serious human health disorders have
been associated with consumption of corn
products contaminated with fumonisin
(5,6,10,26,31,37,40,41). Fumonisin in
corn-based human food is not common in
the United States, although contamination
has been reported in corn meal
(4,20,30,32,38,39), corn grits (39), muffin
mix (4,30), corn bread mix (4), tortilla
chips (4,20), tortillas (37), and beer (19).
The United States Food and Drug Admini-
stration (FDA) recommends various maxi-
mum levels for fumonisins (FB; + FB, +
FB3) in corn and corn products intended
for human consumption, including a con-
centration of total fumonisin at 2 pg/g or
less in degermed dry milled corn products
(e.g., flaking grits, corn grits, corn meal,
corn flour with fat content of <2.25%, dry
weight basis), 3 pg/g or less in cleaned
corn intended for popcorn, and 4 pg/g or
less in dry milled corn bran cleaned for
masa production and whole or partially
degermed dry milled corn products (e.g.,
flaking grits, corn grits, corn meal, corn
flour with fat content of >2.25%, dry
weight basis) (42). Concentration of fu-
monisin in corn grain from much of the
Midwest frequently is nondetectable to 5

ug/g, although concentrations can be
greater than 5 pg/g in some years
(1,24,25,34,45). However, fumonisin con-
centration in corn grain can exceed guide-
lines established by the FDA (2 to 4 pg/g).
Grain elevators in central Illinois will not
accept grain of food-grade corn with fu-
monisin concentration at >4 pg/g and some
grain elevators will reject grain at >3 pg/g.
Thus, a substantial portion of the corn crop
in the United States could be affected
when environmental conditions favor fu-
monisin accumulation in grain.

Although several methods of reducing
fumonisin concentration in unprocessed
grain or processed corn-based food prod-
ucts have been reported (2,18,21,22,27,
35,43), evidence that these methods reduce
toxicity of contaminated grain has not been
clearly demonstrated. For example, fu-
monisin can be converted into hydrolyzed,
biologically active forms that remain toxic
(3,12,18,43). A more efficient means of
preventing fumonisin contamination in
corn-based food products is planting hy-
brids that are highly resistant to Fusarium
ear rot and fumonisin accumulation in
grain. Relative susceptibility or resistance
of food-grade dent corn hybrids to fu-
monisin accumulation in grain has not
been reported; therefore, it is unknown if
highly resistant (fumonisin at <2 pg/g in
all environments) food-grade hybrids are
commercially available.

The primary objective of this study was
to determine the relative range of suscepti-
bility or resistance of commercial food-
grade corn hybrids to Fusarium ear rot and
fumonisin accumulation in grain. A secon-
dary objective was to compare fumonisin
concentrations in grain resulting from an
injection inoculation technique we devel-
oped and fumonisin concentrations result-
ing from natural infection.

MATERIALS AND METHODS
Inoculated trials. Seed of 68 food-
grade dent corn hybrids were planted at the
University of Illinois Crop Sciences Re-
search and Education Center, Urbana on
28 April 2000 and 2 May 2001. The 68
food-grade dent corn hybrids consisted of
33 white-kernel hybrids, seven blue-kernel
hybrids and 28 yellow-kernel hybrids.
Hybrids were selected based on diversity
among commercial corn companies and
commercial use in the Midwestern United
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States. The experimental design was a
randomized complete block with two rep-
licates. Experimental units were single
rows consisting of 24 plants. Rows were
5.3 m long (plus a fallow alley of 0.5 m)
and spaced 0.8 m apart.

Cultural practices were similar between
the experiments in 2000 and 2001. The
only difference was that the experiment in
2000 was grown in a field that was planted
with corn the previous year and the experi-
ment in 2001 was grown in a field that was
planted with soybean the previous year.
The soil type of both fields is a Drummer
silty clay loam (fine-silty, mixed, superac-
tive, mesic Typic Endoaquolls) with a pH
of approximately 6.7. The fields were fall
chisel plowed and then worked with a
Sunflower land finisher in the spring. Ni-
trogen was spring applied at the rate of 200
kg ha™'. The insecticide tefluthrin (Force
3G; Syngenta Crop Protection, Inc.,
Greensboro, NC) was applied in-furrow at
planting. Metolachlor (Dual II Magnum;
Syngenta Crop Protection, Inc.) and
atrazine (AAtrex Nine-O; Syngenta Crop
Protection, Inc.) were applied preplant to
control weeds.

Inoculum was prepared from three iso-
lates of F. verticillioides (numbers 42, 150,
and 152) and three isolates of F. prolifera-
tum (numbers 19, 37-2, and 310) that pro-
duced severe Fusarium ear rot when a
blend of isolates is injected into corn ears
(7). One isolate of F. verticillioides (num-
ber 152) later was found not to produce
fumonisin in grain (7). All six isolates are
maintained at the University of Illinois and
were isolated from corn grain in the Mid-
western United States. Isolates were grown
on potato dextrose agar (Becton Dickinson
and Company, Sparks, MD) at approxi-
mately 25°C under 12 h of diurnal fluores-
cent light for 7 to 14 days.

Inoculum was prepared from an equal
number of cultures of the six isolates. De-
ionized water was added to the cultures
and mixed using a blender (model 700;
Waring Commercial, Torrington, CT). The
resulting propagule suspension  was
strained through two layers of cheesecloth,
diluted with tap water to a concentration of
10° conidia/ml as determined with a
hemacytometer, and amended with Tween
20 surfactant (polyoxyethylene 20-sorbitan
monolaurate; Fisher Biotech, Fairlawn,
NJ) at 0.2 ml/liter. Inoculum was used
within 2 h of preparation.

Inoculations were accomplished with
backpack sprayers (model 425; Solo Inc.,
Newport News, VA) equipped with an
injection device that has been described
(8). Spore suspension (10 ml) was injected
through the husk leaves into the side of the
primary ear of all plants at the R2 (blister)
growth stage (33). The 2.5-cm needle al-
lowed for placement of the inoculum be-
tween the kernels and husk. Injections
destroyed one to three kernels. All primary
ears in an experimental unit were har-
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vested at approximately 18% grain mois-
ture, rated visually for severity of Fusa-
rium ear rot by estimating percentage of
the ear with symptoms, and dried with
forced air at 32°C to approximately 14%
grain moisture. Grain was shelled from
primary ears and bulked by experimental
unit. Bulked grain was ground with a Ro-
mer grinding/subsampling mill (Romer
Labs, Inc., Union, MO) to pass through a
I-mm mesh. Ground grain was analyzed
for fumonisin concentration with a com-
petitive-direct enzyme-linked immunosor-
bent assay (ELISA) that has been de-
scribed (8).

Effects of years, replicates, and hybrids
on fumonisin concentration in grain and
severity of Fusarium ear rot were analyzed
with the general linear model (GLM) pro-
cedure of Statistical Analysis System
(SAS) software (SAS Institute, Cary, NC).
Years and replicates were considered ran-
dom terms in models, and hybrids were
considered fixed. Data from individual
years were analyzed and presented sepa-
rately if a significant year—hybrid interac-
tion was detected for either fumonisin
concentration in grain or ear rot severity.
Differences between hybrids within years
were determined with Fisher’s protected
least significant difference (LSD) test (28).
Concentration of fumonisin was trans-
formed by the equation y = In(fumonisin
concentration + 1) to normalize residuals.
Fusarium ear rot ratings were transformed
by the equation y = log o(percent ear rot
severity + 1) to normalize residuals. Pear-
son’s correlation coefficients for fumonisin
concentration and ear rot severity were
calculated with untransformed treatment
means within years. Weather information
was obtained from the Midwest Regional
Climate Center, Champaign, IL.

Noninoculated trials. Twenty-six hy-
brids, selected on the basis of low or high
fumonisin concentration in grain in 2000,
were evaluated in noninoculated trials at
three locations in 2001. Noninoculated
trails could not be repeated an additional
year due to a lack of availability of seed
for many of the commercial hybrids. Seed
of the selected hybrids was planted on 19,
24, and 26 April in Brownstown (south-
central), Carbondale (southern), and
Dwight (northern), IL, respectively. Crop-
ping history was not available for these
trials. The experimental design was a ran-
domized complete block with three repli-
cates. Experimental units were four row
plots. Rows were 6.9 m long (plus a fallow
alley of £0.5 m) and spaced 0.8 m apart.
Individual rows included 34 plants at
Brownstown and Carbondale and 37 plants
at Dwight.

Cultural practices at the three locations
were similar. At Brownstown, the soil type
is a Cisne silt loam (fine, smectitic, mesic
Mollic Albaqualfs). A finishing tool was
used in the spring. Nitrogen was spring
applied at the rate of 143 kg ha™!. Ace-

tochlor (Degree; Monsanto Company, St.
Louis, MO) and atrazine (Aatrex; Syn-
genta Crop Protection, Inc.) were applied
preplant and nicosulfuron (Accent; DuPont
Crop Protection, Wilmington, DE) and
atrazine (Aatrex; Syngenta Crop Pro-
tection, Inc.) were applied post planting to
control weeds. At Carbondale, the soil type
is a Stoy silt loam (fine-silty, mixed, su-
peractive, mesic Fragiaquic Hapludalfs).
The field was disked and field cultivated in
the spring. Nitrogen was spring applied at
the rate of 161 kg ha™'. Atrazine and meto-
lachlor (Bicep; Syngenta Crop Protection,
Inc.) and atrazine (Aatrex; Syngenta Crop
Protection, Inc.) were applied to control
weeds. At Dwight, the soil type is a Elliot
silt loam (fine, illitic, mesic Aquic Argiu-
dolls). The field was disked in the fall and
field cultivated in the spring. Nitrogen was
fall applied at the rate of 193 kg ha™'. Ace-
tochlor (TopNotch; Dow AgroSciences,
Indianapolis, IN) was applied preplant and
atrazine and bentazon (Laddok; Micro Flo
Company, Memphis, TN) were applied
post planting to control weeds.

Grain from the two center rows of each
plot was machine harvested and dried with
forced air at 32°C to approximately 14%
grain moisture. Severity of Fusarium ear
rot was not evaluated due to machine har-
vesting. Grain was ground and analyzed
for fumonisin concentration as described
previously. Pearson’s correlation coeffi-
cients for fumonisin concentration in grain
were calculated with untransformed treat-
ment means except for trials having little
variation in fumonisin concentration
among hybrids tested.

Effects of locations, replicates, and hy-
brids on fumonisin concentration in grain
were analyzed with the GLM procedure of
SAS. Locations and replicates were con-
sidered random terms in models and hy-
brids were considered fixed. Data from
individual locations are presented sepa-
rately because fumonisin concentration in
grain was affected significantly by the
location—hybrid interaction. Differences
between hybrids within locations were
determined with Fisher’s protected LSD
test. Fumonisin concentration was trans-
formed with the equation y = In(fumonisin
concentration + 1) to normalize residuals.
Weather information was obtained from
the Illinois Climate Network compiled by
the Illinois State Water Survey, Cham-
paign, IL.

RESULTS

Inoculated trials. Grand mean tempera-
ture for June, July, and August 2000 was
22.5°C (0.4°C below average). Rainfall
and growing degree days (°D; base 50)
during this same period totaled 26.8 cm
(5.1 cm below average) and 2,052°D, re-
spectively. Precipitation was greatest after
pollination. Ear rot severity ranged from 1
to 52%. Fumonisin concentration in grain
ranged from 4 to 255 pg/g (Table 1).



Table 1. Transformed and nontransformed fumonisin concentration in grain and Fusarium ear rot severity for 68 food-grade dent corn hybrids evaluated at
Urbana, IL in 2000 and 20012

Fumonisin concentration (ug/g) Fusarium ear rot (%)
2000 2001 2000 2001

Hybrid Kernel color T N T N T N T N
Zimmerman Z64W White 5.5 255 2.9 20 14 28 0.9 7
Vinyard VX 4319W White 5.5 253 3.1 25 1.2 17 0.8 5
Pioneer 33T90 Yellow 5.5 252 2.6 14 1.4 26 0.6 4
Asgrow RX951W White 5.3 203 2.1 9 1.2 17 0.7 3
Asgrow RX949W ‘White 5.2 191 1.9 7 1.3 18 1.2 17
Zimmerman Z62W White 52 178 2.6 14 14 28 1.0 9
Vinyard VX 455W White 5.1 163 2.0 8 0.5 2 0.4 2
Clarkson Grain 5 Blue Blue 5.0 162 2.1 10 1.2 16 0.7 4
Zimmerman 1851W ‘White 5.1 162 2.2 10 1.4 27 0.7 4
Zimmerman N71-T7 Yellow 5.0 152 1.2 3 0.7 4 0.4 2
Zimmerman Z76W White 4.9 141 1.9 8 0.8 7 0.7 4
FR827W x FR819W ‘White 4.8 130 2.5 15 1.5 27 0.5 3
Zimmerman Z75W White 4.9 130 33 30 1.5 33 0.7 4
Diener D114W ‘White 4.5 112 0.8 2 0.3 1 0.6 3
Clarkson Grain 4 Blue Blue 4.6 102 2.9 37 1.7 52 0.8 5
Clarkson Grain 2 Blue Blue 4.6 102 1.7 5 1.1 14 0.2 1
Zimmerman Z37 Yellow 4.5 91 1.8 6 0.9 7 0.3 1
Whisnand 50AW White 4.5 90 2.1 8 1.0 9 0.8 6
Dekalb DK665W White 4.3 77 1.3 5 0.8 5 0.4 2
FR1064 x LH287 Yellow 4.0 74 2.3 10 1.4 25 0.9 7
Zimmerman 1790W White 4.1 74 1.8 6 0.7 5 0.4 1
FR3930T x LH185 Yellow 4.2 68 2.1 8 1.3 18 0.4 2
NC+ 4950W White 3.9 67 1.6 5 0.9 7 0.3 1
FR810W x FR819W White 3.9 67 1.1 3 0.5 3 0.7 4
Vinyard VX 433W White 3.9 67 1.8 7 1.2 16 0.4 2
Dekalb DK703W White 3.9 62 22 9 1.3 19 1.1 12
B73 x Mol7 Yellow 4.1 60 1.9 9 0.9 8 0.3 1
Vinyard VX 4359W White 3.9 59 1.7 6 1.1 14 0.6 3
Clarkson Grain 1 Blue Blue 3.9 55 1.6 5 0.9 8 0.3 1
Clarkson Grain 6 Blue Blue 4.0 54 2.3 11 1.2 16 0.1 0
FR1064 x LH185 Yellow 3.7 51 2.3 13 1.4 27 0.8 5
FR3930T x FR4911 Yellow 3.9 51 1.2 4 1.0 9 0.6 3
Zimmerman 1780W ‘White 3.9 51 1.6 5 0.7 4 0.6 3
Whisnand 51AW White 3.8 48 0.7 2 0.4 2 0.2 0
Diener D115W White 3.7 46 14 4 0.7 4 0.7 6
FR827W x FR828W White 3.7 45 1.3 4 0.8 8 0.6 3
LH213 x FR9671 Yellow 3.8 45 1.7 5 1.0 10 0.6 3
Clarkson Grain 3 Blue Blue 3.8 45 2.1 8 1.0 9 0.2 1
FR1064 x FR4911 Yellow 3.7 41 1.9 7 1.2 16 0.9 9
Dekalb DK658 Yellow 3.5 36 1.3 4 1.3 18 0.4 2
Asgrow RX792W White 35 34 0.9 3 0.3 1 0.2 1
Pioneer 33T17 Yellow 3.2 33 0.6 2 0.2 1 0.3 1
Dekalb DK483 Yellow 2.8 31 24 12 1.5 31 0.8 6
Clarkson Grain 7 Blue Blue 3.4 30 1.1 3 0.3 1 0.4 2
Asgrow RX776W White 3.1 29 1.0 3 0.9 8 0.8 6
FR1064 x FR9661 Yellow 3.0 26 0.5 2 0.2 1 0.4 2
Vinyard VX 462W ‘White 3.2 26 2.0 8 1.0 10 0.6 3
FR1064 x FR2108 Yellow 3.1 25 2.7 16 1.6 42 0.8 5
FR810W x FR828W ‘White 3.1 25 1.4 4 0.8 6 0.5 2
FR816W x FR825W White 3.1 24 1.2 4 1.1 13 04 2
Pioneer 3346 Yellow 3.1 22 1.2 4 0.7 4 0.5 3
FR1064 x LH283 Yellow 24 17 1.7 5 0.9 7 0.0 0
Pioneer 3394 Yellow 2.6 15 1.6 6 0.6 3 0.4 2
NC+ 6990W White 2.6 14 1.5 7 0.9 6 0.1 0
FR3930T x FR9661 Yellow 2.5 12 1.4 5 0.6 4 0.2 0
Asgrow RX901W ‘White 2.4 12 1.4 4 0.9 9 0.6 3
FR3912 x FR4901 Yellow 2.0 8 1.4 4 0.3 1 0.1 0
Pioneer 32Y52 Yellow 1.9 8 1.1 3 0.6 3 0.2 1
Asgrow RX921W White 2.0 7 0.5 2 0.5 3 0.3 1
Dekalb DK635 Yellow 1.8 7 1.5 5 1.0 9 0.5 3
Asgrow RX764 Yellow 1.8 7 1.0 4 0.6 4 0.3 1
Pioneer X1128BW White 1.8 6 1.4 5 0.9 6 0.7 4
Pioneer 32K72 Yellow 1.5 6 1.3 4 0.8 6 0.2 1
Pioneer 32H39 Yellow 1.7 5 2.0 7 0.9 8 0.5 2
Dekalb DK579 Yellow 1.5 5 1.6 5 1.2 14 0.5 2
FR3930T x LH283 Yellow 1.4 4 1.3 4 0.5 3 0.9 10
NC+ 4089W White 14 4 1.6 5 1.2 15 1.1 11
Pioneer 34P93 Yellow 1.2 4 1.0 3 0.4 1 0.3 1
LSD (P = 0.05)° 1.3 1.3 0.4 0.4

2 Ears were inoculated by injecting 10 ml of a 10° spores/ml spore suspension, comprising a mixture of six isolates, through the ear at the R2 growth stage.
Data are the average of two replications. Fumonisin concentration transformation (y = In[x + 1]) and Fusarium ear rot severity transformation (y = log;o[x +
1]); T = transformed data and N = nontransformed data.

b LSD = least significant difference.
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Fumonisin concentration in grain of white,
blue, and yellow food-grade dent corn hy-
brids ranged from 4 to 255, 30 to 162, and 4
to 252 pg/g, respectively (Table 1). Pearson’s
correlation coefficient for fumonisin concen-
tration in grain and severity of Fusarium ear
rot was r = 0.83 (P < 0.0001) in 2000.

Grand mean temperature for June, July,
and August 2001 was 23.5°C (0.06°C
above average). Rainfall and growing °D
totaled 28.6 cm (3.3 cm below average)
and 2,101°D, respectively. Precipitation
was greatest after pollination. Ear rot se-
verity ranged from O to 17%. Fumonisin
concentration in grain ranged from 2 to 37
ug/g (Table 1). Fumonisin concentration in
grain of white, blue, and yellow food-
grade dent corn hybrids ranged from 2 to
30, 3 to 37, and 2 to 16 pg/g, respectively
(Table 1). Pearson’s correlation coefficient
for fumonisin concentration in grain and
severity of Fusarium ear rot was r = 0.35
(P =0.0038) in 2001.

Fumonisin concentration in grain was
significantly affected by years (P =
0.0004), hybrids (P < 0.0001), and the
year—hybrid interaction (P < 0.0001). Fu-
monisin concentration was lowest in grain
of Pioneer Brand 34P93 in 2000 (Table 1).
Fumonisin concentration in grain of 14
other hybrids was not significantly differ-
ent from 34P93 in 2000. In 2001, fu-
monisin concentration was lowest in grain
of Asgrow RX921W and FR1064 x
FR9661 (Table 1). Fumonisin concentra-
tion in grain of 40 other hybrids was not
significantly different from RX921W and

FR1064 x FR9661 in 2001. Of the 15 hy-
brids that had low fumonisin concentration
in grain in 2000, 14 also had low fu-
monisin concentration in 2001. Of these 14
hybrids, two with yellow kernels
(FR3930T x LH283 and Pioneer Brand
34P93) had fumonisin concentration in
grain <4 pg/g in both years (Table 1). Of
the 14 most resistant hybrids, 7 (4 yellow
and 3 white) had fumonisin concentration
in grain <4 pg/g in 1 of the 2 years.
Severity of Fusarium ear rot was signifi-
cantly affected by years (P = 0.002), hy-
brids (P < 0.0001), and the year—hybrid
interaction (P < 0.0001). Ear size did not
vary greatly among hybrids. Ear rot sever-
ity was lowest for Pioneer Brand 33T17
and FR1064 x FR9661 in 2000 (Table 1).
Ear rot severity of 14 other hybrids was not
significantly different from 33T17 and
FR1064 x FR9661 in 2000. Ear rot severity
was lowest for FR1064 x LH283 in 2001
(Table 1). Ear rot severity of 29 other hy-
brids was not significantly different from
FR1064 x LH283 in 2001. In all, 13 of 16
hybrids had low Fusarium ear rot in 2000
and 2001. All 13 of these hybrids had less
than 5% ear rot in both years (Table 1).
Noninoculated trials. Grand mean tem-
perature for June, July, and August 2001
was 24.9°C at Brownstown, 24.1°C at
Carbondale, and 20.7°C at Dwight. Rain-
fall was 23.4, 36.8, and 14.2 cm at
Brownstown, Carbondale, and Dwight,
respectively. Fumonisin concentration in
grain ranged from 0.6 to 1.0 pg/g (mean
0.7 pg/g) in the Brownstown trial, 0.7 to

3.7 ug/g (mean 1.4 pg/g) in the Carbondale
trial, and 0.7 to 14.6 pug/g (mean 3.6 pug/g)
in the Dwight trial (Table 2).

Fumonisin concentration in grain was
significantly affected by locations (P <
0.0001), hybrids (P < 0.0001), and the
hybrid—location interaction (P < 0.0001).
Fumonisin concentration was uniformly
low in grain and did not differ significantly
among hybrids at Brownstown (P = 0.58;
Table 2). Fumonisin concentration was
lowest in grain from FR3930T x FR9661
at Dwight and from Zimmerman N71-T7
at Carbondale (Table 2). Fumonisin con-
centration did not differ significantly in
grain from FR3930T x FR9661 and 8
other hybrids at Dwight, or from N71-T7
and 18 other hybrids at Carbondale. Eight
(four yellow and four white hybrids) of
nine hybrids tested had low fumonisin
concentration at Dwight and Carbondale
(Table 2). Fumonisin concentration was
highest in grain from Zimmerman Z62W
at Dwight and Pioneer Brand 33T90 at
Carbondale (Table 2). Fumonisin concen-
tration did not differ significantly in grain
from Z62W and three other hybrids at
Dwight or from 33T90 and two other hy-
brids at Carbondale. Three (one yellow,
one blue, and one white) of four hybrids
tested had high fumonisin concentration at
Dwight and Carbondale (Table 2). All
three hybrids had fumonisin concentration
in grain >7 pg/g at Dwight, but <4 ug/g at
Carbondale. Pearson’s correlation coeffi-
cients for fumonisin concentration in grain
from noninoculated trials in Dwight and

Table 2. Transformed (T) and nontransformed (N) fumonisin concentration (ug/g) in grain for 26 food-grade dent corn hybrids evaluated in noninoculated
trials at Dwight, Carbondale and Brownstown, IL in 2001*

Dwight Carbondale Brownstown

Hybrid T N T N T N
Zimmerman Z62W 2.7 14.6 0.9 14 0.6 0.8
Pioneer 33T90 2.5 11.5 1.5 3.7 0.6 0.9
Clarkson Grain 1 Blue 2.2 8.2 1.2 24 0.5 0.7
Dekalb DK665W 2.1 7.2 1.3 2.5 0.5 0.7
Pioneer 34P93 1.8 53 1.0 1.6 0.5 0.6
Zimmerman Z64W 1.7 4.4 1.0 1.8 0.6 0.8
Dekalb DK579 1.6 3.8 1.0 1.7 0.6 0.8
Asgrow RX764 1.4 3.1 0.8 1.3 0.5 0.7
Asgrow RX949W 14 3.0 0.7 1.1 0.6 0.9
Pioneer 3394 1.4 2.9 0.8 1.3 0.6 0.8
Pioneer X1128BW 14 2.9 0.8 1.3 0.5 0.7
Pioneer 32H39 1.3 2.8 0.9 1.5 0.6 0.8
FR3912 x FR4901 1.3 2.7 0.9 1.5 0.5 0.7
Zimmerman Z37 1.3 2.7 0.7 1.1 0.7 1.0
FR827W x FR819W 1.3 2.6 0.6 0.8 0.6 0.9
NC+ 4089W 1.3 2.5 0.7 1.0 0.5 0.6
Whisnand 50AW 1.3 2.5 0.6 0.9 0.5 0.7
Pioneer 32K72 1.1 2.0 1.0 1.7 0.5 0.7
FR810W x FR819W 1.0 1.8 0.6 0.9 0.5 0.7
Asgrow RX951W 1.0 1.6 0.9 1.4 0.6 0.8
Asgrow RX921W 1.0 1.6 0.7 1.1 0.5 0.7
NC+ 6990W 0.9 1.4 0.6 0.8 0.5 0.7
Zimmerman N71-T7 0.7 1.1 0.5 0.7 0.6 0.8
Asgrow RX901W 0.7 1.0 0.6 0.8 0.5 0.6
FR3930T x LH185 0.6 0.9 0.6 0.9 0.6 0.8
FR3930T x FR9661 0.5 0.7 0.7 1.1 0.5 0.6
LSD (P = 0.05)° 0.7 0.4 NS

2 Data are the average of three replications. Fumonisin concentration transformation (y = In[x + 1]).
b LSD = least significant difference, NS = not significant.
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inoculated trials in Urbana in 2000 or 2001
were r=0.42 (P =0.03) and r =0.43 (P =
0.03), respectively.

DISCUSSION

Food-grade dent corn hybrids with con-
sistent high or low fumonisin concentra-
tion in grain were identified across years,
locations, and inoculation treatments (Ta-
bles 1 and 2). For example, 14 hybrids
tested had low fumonisin concentration in
grain across two inoculated trials. Of these
14 hybrids, two hybrids had fumonisin
concentration in grain <4 pg/g in both
years. When Fusarium ear rot development
is favored, the hybrids in this study with
high fumonisin concentration in multiple
inoculated trials likely will have unaccept-
able fumonisin levels in production fields.
This becomes especially pertinent when
grain is destined for human consumption,
and no physical or chemical methods are
deployed to reduce fumonisin contamina-
tion during processing.

There was some disparity among hybrid
reactions to fumonisin accumulation in
grain across years of inoculated trials
(year-hybrid interaction, P < 0.0001).
Nevertheless, hybrids with highest or low-
est fumonisin concentration in grain in
2000 generally had concordant highest or
lowest fumonisin concentration in grain in
2001. Some disparity also was observed
between hybrids with low or high fu-
monisin accumulation in inoculated trials
and hybrids identified with low or high
fumonisin accumulation in noninoculated
trials. For example, Pioneer Brand 34P93
was among hybrids with low fumonisin
concentration in grain in two inoculated
trials. Although 34P93 had fumonisin con-
centration in grain <4 pg/g at inoculated
trials, it had 5 pg/g when naturally infected
at  Dwight. Furthermore, Zimmerman
Z62W was among the most susceptible

hybrids identified in two inoculated trials
and one noninoculated trial; however,
Z62W was statistically among the hybrids
with the lowest fumonisin concentrations in
one of three noninoculated trials. This dis-
parity in results could be due to the fact that
ears in the noninoculated trials were ma-
chine harvested and were not visually in-
spected for Fusarium ear rot or any other
physical damage. Hybrids may have had
varying levels of insect damage at the
Dwight location, which may have been why
34P93 had >4 pg/g at the Dwight location
but not in any of the inoculated trials.

Greater magnitude and range of fu-
monisin concentrations facilitate separa-
tion of genotypes. In this study, our inocu-
lation technique enhanced disease de-
velopment and allowed us to more suc-
cessfully differentiate genotypes that could
develop high fumonisin accumulation in
grain compared to natural infection. For
example, under natural infection at
Dwight, Z62W had the highest fumonisin
accumulation in grain and the three hy-
brids that were not significantly different
from Z62W all had high fumonisin accu-
mulation in grain following inoculation.
Similarly, at Carbondale, Pioneer 33T90
had the highest fumonisin accumulation in
grain and the two hybrids that were not
significantly different from 33T90 all had
high fumonisin accumulation in grain fol-
lowing inoculation.

Environmental conditions in the inocu-
lated trial at Urbana, IL in 2000 favored
greater disease development and greater
magnitude and range of fumonisin concen-
trations than in the inoculated trials in
2001. Nevertheless, the magnitude and
range in both inoculated trials were greater
than in noninoculated trials, As a result,
differences between hybrids were easier to
detect in inoculated trails than in non-
inoculated trials. This suggests that our

inoculation technique, which promotes
severe disease development and fumonisin
accumulation in grain, could help to elimi-
nate the misclassification of hybrids as
resistant when tested in environments that
do not favor disease development.

We expect that most hybrids in this
study that had fumonisin concentration in
grain, with inoculation, <4 pg/g would
have acceptable fumonisin concentrations
in grain produced in most environments,
without inoculation. An exception was
Pioneer 34P93, which had <4 pg/g in in-
oculated trials but had >4 pg/g in Dwight
without inoculation. This example suggests
that inoculation may not be completely
satisfactory in identifying all maize hy-
brids that would be acceptable for food-
grade use in all environmental conditions.
To circumvent this limitation, it is desir-
able to evaluate hybrids for several years
or over several environments, with inocula-
tion, and then to evaluate those hybrids in
areas, such as the coastal areas of North
Carolina, that consistently have conditions
that favor fumonisin accumulation.

Fumonisin concentration in grain from
inoculated trials was generally much
higher than concentrations reported from
naturally infected grain production fields
in the Midwestern United States. Nonethe-
less, the fumonisin results achieved in this
study were not unreasonably high, in that
similar concentrations of naturally occur-
ring fumonisin often occur in the south-
eastern United States. For example, fu-
monisin concentrations as high as 250 pg/g
was reported in grain from naturally in-
fected, commercially grown hybrids in
North Carolina (17).

Grain from nine hybrids in 2000 and 33
hybrids in 2001 could have been graded as
U.S.#1 dent corn (14), because total ker-
nels damaged by Fusarium ear rot was less
than 3% (Table 3). Despite low severity of

Table 3. Nontransformed fumonisin concentration in grain and Fusarium ear rot severity for 68 food-grade dent corn hybrids evaluated in inoculated trials at

Urbana, IL in 2000 and 2001

Ear rot (%)?

Year, fumonisin (ng/g) <3 3-5 6-7 8-10 11-15 >15 Percent (%)

2000
<2 0 0 0 0 0 0 0
2-4 1 1 0 0 1 0 5
5-10 1 3 2 2 1 0 13
11-20 0 2 2 1 0 0 7
21-30 2 1 1 2 1 1 12
31-60 3 2 0 6 1 5 25
>60 2 4 3 1 1 15 38
Percent (%)® 13 19 12 18 7 31 100

2001
<2 0 0 0 0 0 0 0
2-4 15 6 2 1 0 0 35
5-10 17 10 2 1 2 1 49
11-20 1 4 2 1 0 0 12
21-30 0 2 0 0 0 0 3
31-60 0 1 0 0 0 0 1
>60 0 0 0 0 0 0 0
Percent (%) 49 34 9 4 3 1 100

2 Data are the average of two replicates. Numbers within the table are the number of food-grade dent corn hybrids that are in each category.

b Percent of hybrids in each category.
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Fusarium ear rot for these hybrids, fu-
monisin concentration in grain from 8 of 9
hybrids in 2000 and 18 of 33 hybrids in
2001 exceeded 4 pg/g (Table 3). This sup-
ports previous work that reported that high
concentration of fumonisin can exist in
asymptomatic kernels destined for human
consumption (6,31). A poor relationship
between Fusarium ear rot and fumonisin
accumulation in grain is supported by
Pearson's correlation coefficients between
fumonisin accumulation in grain and se-
verity of Fusarium ear rot r = 0.83 (P <
0.0001) in 2000 and r = 0.35 (P = 0.0038)
in 2001. Therefore, fumonisin concentra-
tion cannot be determined by the amount
of Fusarium ear rot. Thus, grain must be
chemically tested to determine the fu-
monisin concentration.

Environmental differences in this study
greatly effected hybrid performance re-
lated to Fusarium ear rot severity and fu-
monisin accumulation in grain. This is
evident from data presented in Table 1, in
which a narrow subset (14 of 68 hybrids)
of the most resistant hybrids had low fu-
monisin concentration in grain in 2000,
whereas a broader subset of hybrids (42 of
68 hybrids), including several hybrids
identified as having moderate or high fu-
monisin accumulation in 2000, had low
fumonisin concentration in grain in 2001.
This emphasizes the need to evaluate
genotypes in multiple, inoculated trials.
Conversely, this suggests that our inocula-
tion technique may overcome low levels of
natural resistance that otherwise might be
expressed in environments that do not
promote severe disease development. Nev-
ertheless, our inoculation technique may
be less likely to identify hybrids as resis-
tant when they are actually susceptible in
environments that favor fumonisin accu-
mulation.

Traits such as tight husk leaves (11,44)
and prolonged silk survival (15,16) could
contribute to resistance of some genotypes
by imposing a physical barrier between
kernels and inoculum sources. Our inocu-
lation technique consists of injecting in-
oculum through the husk leaves—a proc-
ess that bypasses these physical barriers.
Consequently, genotypes with “barrier-
type” mechanisms of resistance may be
overlooked when evaluating genotypes for
resistance in inoculated trials.

We did not identify any food-grade hy-
brids with very high levels of resistance to
fumonisin accumulation. All of the hybrids
in our experiment could have unacceptably
high fumonisin concentrations when envi-
ronmental conditions favor fumonisin
accumulation. However, a few hybrids in
this study had consistently low fumonisin
concentrations of <4 ug/g. These hybrids
are likely to perform well in most years
when grown in the Midwestern United
States. Unfortunately, none of the hybrids
could be expected to have very low (<2
ug/g) fumonisin accumulation in grain

296 Plant Disease /Vol. 89 No. 3

when grown in environments that favor
Fusarium ear rot and fumonisin accumula-
tion. Thus, it is important to identify
sources of high levels of resistance and
begin the process of incorporating addi-
tional genes for resistance into commer-
cially used germplasm.
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